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Computational Reproducibility

in the Life Sciences
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Repeatability VS Reproducibility

@ Repeatability measures the variation in measurements taken by a single
instrument or person under the same conditions = Statistical methods;

@ Reproducibility measures whether an entire study or experiment can be
reproduced in its entirety = 777.
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Most scientists 'can't replicate studies by

their peers'

BEE
By Tom Feilden NEWS
Science correspondent, Today programme
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Reproducibility crisis in Life Science

o reproducibility crisis is a term used to point out that a large percentage of
academic literature is not reproducible;

@ Starting point was in 2011:

> the attempt of Gleen Begley, head of hematology and oncology research at

Amgen, to reproduce 53 foundational papers in oncology = they were able
to reproduce only 6 of them;

> the attempt of Bayer company to reproduce randomly selected bio-medical
papers = only the 65% of the experiments in the sample were reproduced.

@ Reproducibility has also found to be an issue in different scientific fields:
computer science, psychology, economics, ....
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Reproducibility crisis in Omics Research

o Keith A. Baggerly, researcher at Anderson Cancer Center: "The Importance
of Reproducible Research in High-Throughput Biology: Case Studies in
Forensic Bioinformatics."

Using the NCI60 to Predict Sensitivity

Genomic signatures to guide the use of
chemotherapeutics

Potti*2, Holly K Dressman'?, Andrea Bild"?, Richard F Riedel', Gina CI
agun’, Hope Cottill, Michael ] Ki ebecea Petersen®, David llarwl( Jeffrey Marks®,

ers
ndrew Berchuck!, Geoffrey § Ginsburg!?, Phillip Febbo'~, Johnathan Lancaster &
joseph R Nevins'*

Potti et al (2006), Nature Medicine, 12:1294-1300.

The main conclusion is that we can use microarray data from
cell lines (the NCI60) to define drug response “signatures”,
which can be used to predict whether patients will respond.

They provide examples using 7 commonly used agents.

This got people at MDA very excited.

(© Copyright 2007-2010, Keith A. Baggerly and Kevin R. Coombes

https://youtu.be/7g¥Is7uYbMo
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Reproducibility crisis in Omics Research

o Keith A. Baggerly, researcher at Anderson Cancer Center: "The Importance
of Reproducible Research in High-Throughput Biology: Case Studies in
Forensic Bioinformatics."

5-FU Heatmaps

Nat Med Paper Our t-tests Reported Genes

© Copyright 2007-2010, Keith A. Baggerly and Kevin R. Coombes

https://youtu.be/7gY¥Is7uYbMo
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Reproducibility crisis in Omics Research

o Keith A. Baggerly, researcher at Anderson Cancer Center: "The Importance
of Reproducible Research in High-Throughput Biology: Case Studies in
Forensic Bioinformatics."

Some Observations

The most common mistakes are simple.

Confounding in the Experimental Design

Mixing up the sample labels

Mixing up the gene labels

Mixing up the group labels

(Most mixups involve simple switches or offsets)

This simplicity is often hidden.
Incomplete documentation

Unfortunately, we suspect
The most simple mistakes are common.

© Copyright 2007-2010, Keith A. Baggerly and Kevin R. Coombes

https://youtu.be/7gYIs7uYbMo
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Reproducible research in Omics Research
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Ten Simple Rules for Reproducible
Computational Research

For Every Result, Keep Track of How It Was Produced
Avoid Manual Data Manipulation Steps

Archive the Exact Versions of All External Programs Used
Version Control All Custom Scripts

Record All Intermediate Results, When Possible in Standardized
Formats

For Analyses That Include Randomness, Note Underlying Random
Seeds

Always Store Raw Data behind Plots

Generate Hierarchical Analysis Output, Allowing Layers of
Increasing Detail to Be Inspected

Connect Textual Statements to Underlying Results

10. Provide Public Access to Scripts, Runs, and Results

Sandve et al. PLoS Comp Biol. 2013
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Reproducibility crisis in Omics Research

o Functional reproducibility: the information about data and the utilized
tools are saved as meta-data along with the generated data;

o Computational reproducibility: extends the functional one storing the real
image of the computation environment used to generate the data.

“I think you should be more explicit here in
step two.”
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Reproducible research in Omics Research

Container and Virtual machine are two virtualization techniques:

App 3
Bins/Libs
[ HostOperating System |

| DockerEngine

Infrastructure Infrastructure

OB o

e

—

In Containers the sharing of same OS Kernel with the real machine reduces the portability, but ....
M. Beccuti
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Reproducible research in Omics Research

foReproducibIe Bioinformatics Project

0/ A project to provide reproducible results in Bioinformatics using Docker images

Reproducible Bioinformatics Project (RBP) is community opens to anyone
interested to shared workflows under the umbrella of reproducibility;

To enable an easy access NGS data analysis pipeline to users without
advanced computer science skills;

To provide robust and reproducible workflows fulfilling the Sandve's rules.

http://reproducible-bioinformatics.org/

o N Kulkarni, L. Alessandn R Panero M. Arigoni, M. Olivero, F. Cordero, M. Beccuti and R. A. Calogero. Reproducible Bioinformatics Project:
ity for ics analysis pipeli BMC Bioinformatics, Volume 19, Issue 10, pages 211-219, October 2018.
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Reproducible research in Omics Research

RBP general schema:

@ Any workflow is specified as an R function that defines and controls the
correct execution of all its tasks;

@ any single task is encapsulated into docker images to guarantee the
computation reproducibility.

@ environment W™ Docker containers

User specifies analysis Workflows: dockerdseq: [T R e

I e : RNASBQ Cuntm“ing [ annotate ] | chipseq count I
miRNA [mEnng [ bwa | [

Chlpseq steps) rsem-star J Bioconductor

Any workflow must be supported by an explanatory vignette
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Reproducible research in Omics Research

RNAseq, ChiPseq and miRNAseq analysis workflows

\l
w\eﬁ\n&
! Illumma Urhmek’"&’]
RNAseq - ’ belfies :]
fastg

‘ demultuplemnau miRNAseq
skewer()
SKEWER ChlPseq CUTADAPT
2 m:Rmse r
E,erume E | s ’ FeCUrso HR!MP "5;’
P E — o— =
ENSEMBL‘ RSEM ﬁ ! = 5 miRbase ‘ g
GTF p—
u — F
= [ncsmeen ]§ :

¥
Cotl;Tts Experiment table
table -
mirnaCovar|
4 sample2experiment() bt !

Experiment table
re————— [Experiment table |
¥

.

i

.. w,‘:pernesqun pea() wrapperDeseq2()
pea()
) sampleSize()
sampleSize() experimentPower()

experimentPower()

@ M. Beccuti, F. Cordero M. Arigoni, R. Panero, E. G. Amparore, S. Donatelli and R. A. Calogero. SeqBox: RNAseq/ChlPseq reproducible
analysis on a consumer game computer. Bioinformatics, Volume 34, Issue 5, 1 March 2018, Pages 871-872. Oxford University Press.
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Reproducible research in Omics Research
Single cell analysis workflow (rCASC)
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o L Alessandri, F. Cordero, M. Beccuti, M. Arigoni, M. Olivero, G. Romano, S. Rabellino, N. Licheri, G. De Libero, L. Pace, R.A. Calogero.
rCASC: reproducible classification analysis of single-cell sequencing data. Gigascience, Volume 8, Issue 9, September 2019.

M. Beccuti
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Reproducible research in Omics Research

circular RNA workflow

Module 1: Prediction
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o G Ferrero, N. Licheri, L.C. Tarrero, C. De Intinis, V. Miano, R.A. Calogero, F. Cordero, M. De Bortoli, and M. Beccuti. Docker4circ: A

framework for the reproducible characterization of circRNAs from RNA-seq data. International Journal of Molecular Sciences, Volume 21, Issue
1, 1 January 2020, Article number 293.
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Reproducible research in Omics Research
B-cells clonality assessment and minimal residual disease monitoring workflow
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@ M. Beccuti, E. Genuardi, G. Romano, L. Monitillo, D. Barbero, M. Boccadoro, M. Ladetto, R. A. Calogero, S. Ferrero and F. Cordero.
HashClone: a new tool to quantify the minimal residual disease in B-cell | h from deep ing data. BMC Bioinformatics Volume
18, Issue 1, 23 November 2017.
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Reproducible research in Omics Research
How to make easier the use of these workflows for beginner users:
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Reproducible research in computational biology

Epimod is the reference RBP modeling framework based on a graphical formalism

providing different analysis techniques for study biological and epidemiological
systems.

GUI Graphical user interface
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Sensitivity: PRCC and ranking
Calibration: optimization problem

Analysis: simulations and what-if
analysis

Homepage:
https://github. com/quoTurln/eplmod
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Reproducible research: a modelling framework
We apply Epimod framework on different case studies:

@ to study Multiple Sclerosis under different strategies of drug administration;

S. Pernice, et al. A computational approach based on the Colored Petri Net formalism for studying Multiple Sclerosis. BMC Bioinformatics,

Vol. 20, 10 Dec. 2019, Article n.623.

@ to study Pertussis Epidemiology and Vaccination;

Castagno, et al. A i for and ing pertussis epi iology and inatic BMC Bioinformatics, Vol. 21,

16 Sept. 2020, Page 344.

@ to study Complex Metabolic Networks;

S. Pernice, et al. Integrating Petri nets and Flux Balance in i it models: a hodological and ional

practice. Fundamenta Informaticae, Vol. 171, Issue 1-4, 2019, Pages 367-392.

@ to study the Impact of Reopening Strategies for COVID-19 Epidemic;

S. Pernice, et al. Impacts of Reopening Strategies for COVID-19 Epi ic: A ing Study in Pi Region.BMC Infectious Diseases.

To be published.
o ...
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Conclusion

@ In this presentation we introduced the Reproducible Bioinformcatics
Project (RBP);

@ We discussed how RBP workflows provide robust and reproducible NGS data
analysis;

@ We showed all the available workflows in RBP;

@ We pointed out that all these worklfows are currently available on HPC4AI
infrastructure.
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Container, VM and real server: a comparison

In [1] a comparison among physical server, KVM, and Docker is reported.
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Figure 1. Linpack performance on two sockets (16 cores).
Each data point is the arithmetic mean obtained from ten
runs. Error indi the iati i
all runs.
[1] W. Felter, A. Ferreira, R. Rajamony and J. Rubio, An updated ison of virtual and Linux 2015 IEEE

International Symposium on Performance Analysis of Systems and Software (ISPASS) Philadelphia, PA, 2015, pp. 171-172.
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Reproducible research for NGS analysis

How to submit a new workflow:

RBP community

vignettes

Submission
check list

|
Docker Ima

RBP core team checks Sandve rules compatibility
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Reproducible research in Omics Research

Some communities that fulfills many of the Sandve's rules:

Bioconductor

OPEN SOURCE SOFTWARE FOR BIOINFORMATICS

@ Bioconductor provides tools for the analysis and comprehension of
high-throughput genomic data;

@ It uses the R statistical programming language;

@ it provides a version control for all its tools;

https://www.bioconductor.org/
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Reproducible research in Omics Research

Some communities that fulfills many of the Sandve's rules:

= Galaxy

PROJECT

o Galaxy is an open source, web-based platform for data intensive biomedical
research;

@ It provides substantial CPU and disk space, pre-installed tools making it
possible to analyze large datasets;

@ it guarantees (only) functional reproducibility;

https://galaxyproject.org/
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Reproducible research in Omics Research

Some communities that fulfills many of the Sandve's rules:

BaseSpace | SE3VENCE

@ it is a cloud-based genomics analysis and storage platform that directly
integrates with all [llumina sequencers;

o Commercial tool implemented in Amazon cloud;
@ Possible issue related to data privacy;

@ it guarantees computation reproducibility using containerization and
virtualization;

https://basespace.illumina.com
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